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ABSTRACT 



A concurrency control method for a high dimensional index 
structure that provides efficient concurrency control method 
for a high dimensional index structure, which performs 
reinsertion of certain objects to cope with node overflow. 
The concurrency controlled searching method includes the 
following steps. First, an entry is obtained from a queue 
storing the root node and an object relating to the entry is 
selected. Second, whether a logic sequence number (LSN) 
of a lower level node is larger than an expected LSN stored 
in the upper node is determined. Third, the process moves to 
a neighbor node of the lower level node if the LSN is bigger 
than an expected LSN stored in the upper node in the second 
step, selects a relating object, and performs from the second 
step repeatedly. Fourth, an object of a node of a level 
corresponding to the lower level node in a reinsertion table 
is selected when a search on an index tree is finished if the 
LSN is not bigger than the expected LSN stored in the upper 
node in the second step. 

8 Claims, 12 Drawing Sheets 
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EFFICIENT CONCURRENCY CONTROL changed to point the new right sibling node. This means that 

METHOD FOR HIGH DIMENSIONAL INDEX all nodes at the same level are chained together through 

STRUCTURES rightlinks. 

Like the conventional B-tree, the B^^^-tree is sorted by 
5 a key value, that is, a maximum key value. A maximum key 
FIELD OF THE INVENTION y^i^e ^ located in the rightmost position of each level of the 
The present invention relates to an efficient concurrency index tree. In addition, it is possible to move to the rightward 
control method for a high dimensional index structure that direction through the righUink pointer. It is possible to freely 
employs a lime stamp sequence method during insertion, search the indcxj^c without using the lock-coupling tech- 
deletion, and searching objects to avoid possible conflicts nique in the B -tree. 

caused by lock-coup hng and to provide efficient ways to Let's suppose that one search process checks the parent 

search objects being reinserted by introducing a reinsertion node. If a node -splitting operation performed on a child node 

table. before this search process reaches child node, the split 

operation is not yet known to the parent node. To avoid this 

BACKGROUND OF THE INVENTION ^5 ^^^^^ ^^^^^^ process compares the key value of its own 

xjf 4 J *. J J- 4 t, uu- with maximum key value of child node. 

Most index structures are formed m a tree shape, which is ^ 

why the index structure is called the index tree. Each If the key value of the search process is bigger than a 

element of an index U-ee is called a node. The nodes maximum key value of the child node, the search process 

constitute an index tree that is constructed by performing 20 ^^^^^ node splitting has occurred in the child node 

insertion and deletion operations. An entry object is inserted and moves to the next rightward node and compares the key 

into the node of the tree in accordance with predetermined value of the search process with the maximum key value of 

i^les the node. Until the key value of the search process is smaller 

For each node of the index tree, a finite number of objects ^^"^^ ^J"^ maximum key value of the node this 

can be inserted. If the number of objects exceeds this 25 ^V^'^^^n is performed repeatedly If a node that has a 

predetermined number, this condition is called an overflow ^^^''^ searched, then the search process 

When an overflow occurs, some entries in the node where continues searching to its child node, 

overflow occurred are selected and then the selected entries The Insertion process can also use the same operation to 

are reinserted into the index tree one by one for performance locate a terminal node in order to add new records, 

improvement. 30 Since this operation doesn't use lock-coupling technique 

Previous studies of currency control methods for conve- for the insertion process and search process, lock conflicts 

nient index structures are mainly focused on a B-tree struc- can be efficiently avoided. In addition, the deadlock is not to 

ture in which only one -dimensional data is used. Recently, allowed. 

concurrency control methods for an R-tree structure has The R^^^-tree is an index tree structure that is capable of 

been started. In an R-tree sUiicture, an index tree for providing an effective concurrency control like the B^^^^- 

man aging a multi-dimensional data is used. In these studies, tree. By introducing the concurrency control technique of 

the concurrency control method with the link technique the B^^^-tree to the conventional R-tree, the R^^-tree 

shows better performance when compared with the concur- scheme was developed. 

rency control method with the lock-coupling technique. Unlike the B-tree, nodes of the R-tree are not sorted by the 

However, it is difficult to directly apply a conventional ^ key value. It is problematic to apply the technique of the 

hnk technique to a high dimensional index structure because B^^^^-tree directly to R-tree. In the B^^^^-tree, key values 

of the structural difference and the difference in an insertion are simply compared, and therefore it is possible to deter- 

and division method. mine whether the lower level nodes have been split and 

The background knowledge that is helpful to understand when the rightlink search is to be finished. However, In 

the present invention is explained as foUows. R-tree, this operation is not feasible. 

First, a B^'^*^-tree is an index structure that achieves the In order to apply the link technique used for the B^^^^- 

serializability by adding a concurrency control technique to tree, a LSN (Logical Sequence Number) is introduced. By 

the conventional B-tree scheme. One of the conventional manipulating LSN, it is possible to determine whether lower 

concurrency control techniques is the lock-coupling jq level nodes have been split and when the rightlink search is 

technique, in which a lock on the parent node is to be to be finished. 

maintained until a lock on a child node is obtained for The LSN is a value that increases as time passes, 

consistency of a tree structure. The structure of the conventional R-tree, the structure of 

In other words, this technique employs a top-down lock- the node, and objects in the node have been modified by the 

coupling scheme. In the top-down lock-coupling scheme, a 55 introduction of LSN. The search and insertion algorithms 

lock on the parent node can only be released after a lock on have been modified as well. 

a child node is granted. The main drawback of this method in the structure of the R^^^^-tree in which LSN is 

is that locks are to be held during I/O operations, deletion employed, all nodes of the same level form a chain structure 

operations, and splitting operations. connected through rightlinks. The LSN that is the only value 

In order to avoid conflicts possibly caused by the locking- 60 in the index structure is added to each node. An object of 

coupling technique, the conventional B-tree structure is each node includes MBR (Minimum Bounding Region) of 

slightly modified: a 'rightlink' is added. Except for the the node, a pointer pointing child node, and an expected 

rightmost node, the rightlink is a pointer going from every LSN that the child node might have. In a high dimensional 

node to its right sibling on the same level of the tree. When index structure, each object included in a node is represented 

a node is split in an index tree, a new right sibling is created. 65 as an N dimensional space vector, and the minimum region 

At this moment the rightlink of the old node is copied to the that is able to hold all objects of the node is called the MBR 

newly created node and then the rightlink of the old node is (Minimum Bounding Region). In addition, a pointer point- 
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ing to its rightward sibling node is added to the node. In the The underlying data structure to support a search operation 

present invention, it is assumed that nodes in the ClR-tree is a queue, which is used to remember which nodes still have 

node have all the elements described above. to be examined. A search starts by initially inserting the root 

When a node is split, the LSN of the split node is allocated on queue. A node that has not yet been examined is 
to the newly generated node and a new LSN is allocated to ^ deleted from the queue and all entries in the node that 

the split node. When an index tree is being searched by a qualify for the search condition are inserted to the queue and 

search process, it is possible to determine whether the child ^he whole process is repeated. In each level of the tree the 

node has been split using LSN. That is, it is possible to reinsertion table is also examined and all entries in the table 

determine whether the node is split by comparing the LSN that qualify for the search condition are also inserted to the 
of the child node with the expected LSN of the object of the 30 queue, which guarantees the entries that are being reinserted 

upper node. can be searched. The search is terminated when the queue is 

If the LSN of the child node is bigger than the expected empty. 

LSN of the object of the upper node, the node has been split. ^ media that stores the programs for an insertion method 

Then the search is performed in the rightward direction is also provided. The program runs the following proce- 

through the righdink until finding a node whose LSN is the dures. First, the leaf node is located to insert a new entry to 

same as the expected LSN of the object of the upper node. the node, and it is examined to determine whether the entry 

T -1 *u- *i. u - u 4 1 *u J f *u can be inserted to the node or not. Second, the new entry is 

Like this, the high concurrency control method of the . . , . ^ . n ■ \ • 

TiLfj^K * u 1 • J . 4U Ti * * * inserted and the MBR (Minimum Bounding Region) is 

B -tree may be applied to the R-tree structure. a- . a t * • •u^ * - * *u . . *u ^ 

^ . adjusted if it is possible to insert the new entry to the node. 

However, it is very difScuIt to avoid the lock-coupling m Third, if it is not possible to insert the new entry to the node, 

the R -tree. When an operation that changes the structure ^^^^^ ^^^^^ ^^^^ ^ ^^^^ ^^^^ ^ ^p^^ ^^^^ 

of the tree is performed, the lock-coupling should be per- ^j^j^es of the node are reinserted, 

formed to maintain consistency of the tree due to the , , , . . u * j i_ 

, , . . r .i- r.^ In order to achieve the objectives mentioned above, a 

structural characteristic of the R-tree group. j- *u * * c j w • j j a 

* ^ media that stores the programs for a deletion is provided. A 

SUMMARY OF THE INVENTION ^ deletion proceeds in two procedures: first the leaf node to 

delete an entry must be located; and second, the MBR is 

The present invention provides an efficient concurrency adjusted, 
control method for a high dimensional index structure that 

overcomes the problems encountered in conventional index BRIEF DESCRIPTION OF THE DRAWINGS 
structures. 30 rj.^^ embodiments of the present invention will be 

Moreover, the present invention provides an efiScient explained with reference to the accompanying drawings, 

concurrency control method for a high dimensional index piG. 1 is a view illustrating the construction of a reinser- 

stnicture that avoids possible conflicts caused by lock- tion table according to the present invention; 

coupling by employing the time stamp sequence method 2 is a view illustrating the timing for deleting an 

during insertion, deletion, and searching objects. It is also ^^^^ ^f a reinsertion table according to the present inven- 
possible to search objects being reinserted by employing a 

reinsertion ta e. FIGS. 3 A through 3C are views illustrating a concurrency 

In order to achieve the objectives mentioned above, a control method for a high dimensional index structure using 
search method IS provided. The data structure to support this ^ ^ time stamp according to the present invention; 

method is the queue, which is to remember which nodes still ™^ a • a u -* n ^ *■ u * *u 

^ . ^ , , . FIG. 4 is a flow chart illustrating a searching the entries 

need to be examined. This method starts by initially insert- . , ;„,,^„T;„„. 

. / - to be reinserted accordmg to the present invention; 

ing the root on the queue. A node that has not yet been , . « . . , , . 

examined is deleted from the queue and all entries in the J^^ ^ ^ ^ ^^^^^ illustrating the process to select the 

node that qualify for the search condition are inserted to the ^^J^^^' ^^ich is the expansion of the FIG. 4 accordmg to the 

queue and the whole process is repeated. In each level of the P^sent invention; 

tree the reinsertion table is also examined and all entries in FIG- 6 is a flow chart illustrating the insertion method in 

the table that qualify for the search condition are also which a concurrency is controlled according to the present 

inserted to the queue, which guarantees the entries that are invention; 

being inserted can be searched. The search is terminated FIG. 7 is a flow chart illustrating the processes to search 

when the queue is empty. a terminal node, which is the expansion of FIG. 6 according 

In order to achieve the foregoing, an insertion method is present invention; 

provided. An insertion process is composed of three proce- FIG. 8 is a flow chart illustrating the process to adjust 

dures. First, the leaf node should be located to insert a new MBR, which is the expansion of FIG. 6; 

entry to the node, and it is examined to determine whether FIG. 9 is a flow chart illustrating how to handle node 

the entry can be inserted to the node or not. Second, the new overflow, which is the expansion of FIG. 6; 

entry is inserted and MBR (Minimum Bounding Region) is piG. 10 is a flow chart illustrating the reinsertion process 

adjusted if it is possible to insert the new entry to the node. of FIG. 9; 

Third, if it is not possible to insert the new entry to the node, * ^[ ^ ^hart illustrating the node separation 
which means the node is full, and the node should be split gp process of FIG 9* and 

or some entries of the node should be reinserted. r^,^ . a * . L -ti i l , • . vjT^n . 

FIG. 12 is a flow chart illustrating how to insert MBR that 

In order to achieve the foregoing, a deletion method is ^ jj^g expansion of FIG 11 
provided. A deletion method is composed of two procedures: 

first, the leaf node to delete an entry must be located; and DETAILED DESCRIPTION OF THE 

second, the MBR is adjusted. 55 PREFERRED EMBODIMENTS 

A media that stores the programs for a search operation is In order to improve the performance of an index tree, high 

also provided. The program runs the following procedures. dimensional index structures, such as R*-tree, SS-tree, 
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TV-tree, X-tree, and CIR-lree, reinsert some entries of the 

node if an entry is tried to be inserted to the full node. At this TABLE 1-continued 

time, the selected entries for the reinsertion are actually 
deleted from the index tree. Therefore, it is very difficult to 
search the entries that are being reinserted. Generally, the 
reinsertion process takes so long that it may cause serious 
search errors. 





I^vel 


Entry 


EQtry 


5 


2 








1 


(MBR.TC) 





The present mvenUon provides an effective concurrency ^ ^^^^^ ^^^le 1, the entries deleted for reinsertion for 

control method m a high dimensional index structure. Dur- node A is stored into a temporary node TA. In addition, the 

ing the reinsertion operation, the deleted entries are stored m lO ^^^^^^ ^^^^^^^ reinsertion at node B are stored into a 

a reinserUon table. Therefore, it is possible to search the temporary node TB. The entries deleted for reinsertion at the 

entnes being reinserted by searching the reinsertion table. ^ are stored into a temporary node TC. 

In the disclosed embodiments a link technique of the ^h^ reinsertion process is performed as foUows: 

R -tree is employed. The R -tree employs the link r- * Ar>or c ,u * • e j i * j • 

, , . . J , J J I f 15 Fifstj 40% of the entnes of the node are selected in a 

technique m order to avoid the degradation of the , ^^ti * -n, *zr»T» i-*u 

^ , . , r .1,1 1. .,1 manner suggested by the CIR-tree. The MBR of the entries 

concurrency, which results from the lock-coup hng method. .. . .. -,• j- j-.^r 

. T^LiNK . • . .J L remaining in the node is computed and is adjusted for the 

However, m the R -tree, it is very difi&cult to avoid the ^ r u * u ^ • i • ^ « ^ u u ■ . 

, , \. 1.1 upper node. In high dimensional mdex structure, each obiect 

lock-couphng problems completely. When an operation is • i j j ■ j • . j kt j- • t 

- 1 . . r .1 . . r , t , i included in a node is represented as N dimensional space 

perrormed to modiiy the structure oi the tree, the lock- , j ■ • • * - ui * u ij n 

*^ . , , •'^ J . 1 . r • 20 vector and the minimum region that is able to hold all 

coupling IS to be performed o keep the consistency of the ^^^^ 

tree because of the structural characteristics of the R-tree , .11. 

group. In other words, in the R^'^^-tree, the lock-coupling . If. °''^'"'}° "i^^^" ^'^ entries, a temporary node 

is used to maintain the consistency of the tree when the ^T'^^^^^' 'he entnes are stored in the node. The MBR of 

upper node access sequence is not matched with the occur- ^"'"^ ''T'A'S^ 'V l '^'"P^'"^ """^^ ^ computed, 

rence sequence of a corresponding transaction or process (in The computed MBR and the temporary node are recorded 

the present invention, the terminology "process" and "trans- the reinsertion table as an entry At this time the entry 

action" may substitute each other). recorded into the reinsertion table by the level of the index 

In the disclosed embodiments, the lock-coupling is not to _1 . , ,. ■ 

be performed because it provides a way to determine the The entnes are moved from the temporary nodes one by 

execution sequence among transactions with the help of the '° ""^ '^^ "^""^ ''V '"^"^^^ 

™^tu«^ operation. During this process, the entries that are success- 
time stamp sequence method. u ^ i \ * j 
_ ^ _ ^ , . , nilly inserted are not to be deleted from the temporary nodes 
The enibodiments of the present invention will be ^ ^^^^ ^^^^^ ^^^^^^ ^^1^^^^ ^^^^ 

explamed by applying the concurrency control method to the impossible to search them. Therefore, all entries in the 

CIR-teee. For reference, the conciirrency control algorithm 35 temporary nodes are not to be deleted until a reinsertion 

may be implemented by shght modification of the structures operation is finished. When all entries are inserted, the time 

of R -tree, SS-tree, TV-tree, and X-tree. ^^j^^^ ^^t^ f^^^ reinsertion table should be 

Now, the concurrency control method in which the search determined. If the time for deletion is determined and then 

may be implemented for a reinserted object during the the entry is deleted from the reinsertion table, the reinsertion 

reinsertion process is to be explained. 40 operation is finished. 

In the high dimensional index structure including the The time for deletion from the reinsertion table is deter- 

CIR-tree, the reinsertion operation controls the balance of mined based on the search operations that are performed 

the tree as well as enhances the search efficiency by clus- concurrently. 

tering entries into the node. However, the information con- piG. 2 illustrates the timing for deleUng an entry from the 

cerning the selected objects should be deleted from the index ^5 reinsertion table according to the present invention, 

tree during the reinsertion operation. In other search ^ 53, . . . S5 represent search operations. 

operatioiK, It IS almost impossible to search the entries being ^hese search operations and a reinsertion operation, 

reinserted and therefore the accurate search operation is not Reinsertl, can be perfonned concurrentiy. As shown in the 

guaranteed. Hgiirc^ SI is finished before Reinsertl gets started, S2 started 

In the disclosed embodiments, it is possible to perform an before Reinsertl, and S2 is finished before Reinsertl is 

accurate search operation during the reinsertion operation. finished. 

For this reason, a reinsertion table is used. The reinsertion s3 is started and finished during the reinsertion operation 

table IS stored in shared memory so that other processes can Reinsertl. S4 starts before Reinsertl is finished, and S4 is 

share the access to the reinsertion table. finished after the Reinsertl is finished. Finally, S5 is started 

FIG. 1 is a view for illustrating the construction of a after Reinsertl is finished. Note that the search operations 

reinsertion table according to the present invention; using the entry stored in the reinsertion table are S2, S3, and 

Table 1 shows a reinsertion table. In table 1, the nodes that S4, Therefore, the liming to delete the entry from the 

contain the entries to be inserted at level 3 are A and B. C reinsertion table will be when S4 is finished. As described 

is the node at level 1. 60 *bove, the time for deletion of an entry from the reinsertion 

table is when the search operation among the previously 

TABLE 1 started search operation or started during a reinsertion 

operation being performed is finished lasUy. 

^^^^ ^2^2 ^"^^y The concurrency control method for high dimensional 

4 65 index structures will be explained in detail. 

3 (MBR, TB) (MBR, TA) When performing an operation in which the structure of 

the tree is modified in the R^^^^'^^-tree, the lock-couphng is 
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applied to keep the consistency of the tree. In other words, 
if a process performs a modification on a node that requires 
a modification of the structure of the tree, then the modifi- 
cation should be applied to the upper node prior to the other 
process that performs an operation on the same node later. 
Otherwise the consistency of the tree cannot be kept. In 
order to overcome these problems, in the present invention, 
the sequence of the transactions is determined based on the 
time stamp sequence method. 

FIGS. 3 A through 3C illustrate a concurrency control 
method for a high dimensional index structure using a time 
stamp in accordance with the present invention. 

A time stamp is allocated to a transaction when MBR 
information is modified by the transaction and then the 
modification should be reflected to the upper node or a node 
is split. At this time, the time stamp value is allocated to each 
transaction to determine an access sequence of the node. 

FIG. 3A illustrates an example that the modified MBR is 
reflected to the upper node when the MBR is modified by 
two processes, PI and P2, that perform an insertion opera- 
tion to a node that is accessed through the same entry in the 
same node. 

As shown in the figure, the operations performed by 
process PI and process P2 need to change MBR; process PI 
is performed earlier than process P2. To reflect the change to 
the upper node, [B, Tl] and [B, T2] are stored in the time 
stamp table of node A; the lock on node B is released at this 
moment. 

If transactions waiting for obtaining a lock for the upper 
node are from the same node, the transaction which is trying 
to store a time stamp to the table of the node compares the 
stamp values. If the time stamp value is smaller than the 
others, a lock on the node is requested and then the regis- 
tered time stamp and the node identifier are removed from 
the table. 

If the time stamp value is bigger than the others, it waits 
for a certain period of time and then retries to obtain a lock. 

FIG. 3B illustrates an example that the modification of 
lower level nodes is reflected to the different entries of the 
upper node. In this case, process PI and process P2 may be 
performed independently because process PI and process P2 
are identified using the node identifier in the time stamp 
table. Therefore, process PI and process P2 check the time 
stamp table of node X to determine whether they can request 
a lock or not as shown in FIG. 3A. 

As shown in FIG. 3C, the consistency of the tree can be 
maintained by employing the time stamp since the time 
stamp is used to serialize the transactions. The case 1 in FIG. 
3C shows a situation, in which process PI inserts an entry 
E9 into the node C and modifies MBR of the node. It then 
requests a lime stamp Tl to reflect MBR to the upper node 
A Finally, process PI releases the lock on node C. This 
shows that the search operation that visited node A can 
normally search the entries of node C using the search 
algorithm. 

As shown in FIG. 3C, the case 2 is the situation that after 
process P2 obtains write-lock on node C, an entry ElO is 
inserted, and the node is split, and then [T4,C] is registered 
into the time stamp table of the node A. Process P2 waits for 
the completion of process PI since process PI is registered 
as Tl prior to process P2. 

In other words, because the process that has the smallest 
time stamp always performs an update operation on the 
same node with priority, the consistency of the tree is 
maintained. At this time, all entries in node C as well as aU 
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entries in the split nodes can be searched through the 
rightlink of node C. 

The case 3 in FIG. 3C explains the case that the process 
PI obtains write-lock on node A and reflects the modifica- 
^ tion of node C, Process PI deletes the time stamp informa- 
tion from the time stamp table. Process P2 requests write- 
lock on node A for an update the node. In addition, the 
process P3 obtains write-lock on node C and inserts the 
object Ell, and registers T6 for reflecting the modified 
10 content of MBR to the upper node. However it has to wait 
without requesting a write-lock on node A because [T4, C] 
is registered already. 

In other words, when an update process for the same 
object on the node makes a modification and the upper node 
reflects the modification, time stamps are compared and 
consistency is maintained. In case 4, since a write-lock is 
being requested by process P3 on node A and it is not an 
update process for the same object, the consistency is 
maintained. As a result, the search operation is accurately 
performed in all cases in which a node update may occur. 

FIG. 4 is a flow chart illustrating a searching of the entries 
to be reinserted according to the present invention. 

A queue stracture is used for the breadth first search. Here, 
25 the queue is defined as PQ (PathQueue). In addition, the 
terminology is defined as follows for efficient explanations 
of the breadth first search method. 

InsertQ: a node information is ioserted into the queue 
(pointer of the node, and the expected logical sequence 
30 number (LNS)). 

DeleteQ: one entry is deleted from the queue and the entry 
is stored into a predetermined variable. 

As shown in the Figure, by the search method in which the 
concurrency is controlled, the root node which is the refer- 
ence for the search is inserted into the queue in Step 401, and 
it is checked whether the queue is empty in Step 402. If the 
queue is empty, search process ends. If the queue is not 
empty, one entry is obtained from the queue (DeleteQ) in 
Step 403. An object is selected in accordance with the 
^ obtained entry in Step 404. The object selection process is 
explained in FIG. 6 in detail. 

The node may be split when an overflow occurs in high 
dimensional index tree. In other words, after the entry 
obtained from the queue is processed in accordance with 
previously described procedures, whether the node is split is 
to be checked and then appropriate operations are performed 
accordingly. At this time, the node is checked to be split by 
comparison between the logical sequence number (LSN) of 
the node and the predicted logical sequence number. 

Namely, it is to be checked whether the expected logical 
sequence number is bigger than the logical sequence number 
of the node in Step 405. If the logical sequence number of 
the node is bigger than the expected logical sequence 
55 number, it means that search process is trying to access the 
node that is split but the modified content of the split node 
is not yet reflected on the upper node. At this time, as shown 
in Step 406, the search process is moving to the neighbor 
node through the rightlink chain until the logic sequence 
60 number of the node and the expected logical sequence 
number are same. After the object is selected in accordance 
with the satisfaction of query Q in Step 407, the checking 
process step to determine whether the expected logical 
sequence number is bigger than the logic sequence number 
55 is to be repeated from Step 405. 

Based upon the result of the determination, if the logical 
sequence number of the node is smaller than the expected 
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logical sequence number, then it is to be determined whether inserted, and the information regarding the path is stored 
the search on one level of the index tree is finished or not in into the stack (PS: PathStack) for a reconstruction or modi- 
Step 408. If the search process is not finished, the routine fication of the index tree. 

from the step 402 where it is determined whether the queue The step for the searching terminal node can be explained 

is empty is to be performed again. If the search process is 5 as follows. First, read-lock on the node to be examined is 

finished, the entry of the reinsertion table is examined, and obtained. All objects included in the node are examined. A 

it is determined whether the entry on the current level exists sub -tree including the most proper terminal node where the 

in the reinsertion table in Step 409. object "e" is to be inserted is selected. In other words, a child 

Based upon the result of the determination, if the entry on node of the current node is selected. It is confirmed whether 
the current level doesn't exist in the reinsertion table, the the current node has been split. If the current node has been 
processes are performed again from step 402 in which it is split, the previously-described procedures are performed 
determined whether the queue is empty or not. If the entry repeatedly on other child nodes through the rightlink. Dur- 
on the current level exists, the objects in all reinsertion nodes ing this process, the more appropriate child node can be 
in the reinsertion table are selected in Step 410, and the selected rather than the currently selected child node. If a 
processes are performed again from the step 402 in which it ^5 more appropriate child node is detected, the terminal node 
is determined whether the queue is empty or not. search is to be through the more appropriate child node. 

In the previously described search method, the write-lock Once child node is selected, information on the current 

obtaining operation may cause conflicts during the update node is inserted into the stack and the read -lock on the 

operation of the node. However, this search method doesn't current node is released. The previously described proce- 

cause any conflicts with other search operations. dures are repeatedly performed until the terminal node is 

FIG. 5 is a flow chart illustrating the process to select the searched from the selected child node. At this time, the most 
object, which is the expansion of FIG. 4. appropriate child node may exist in the nodes of the rein- 
As shown in the Figure, the object selection process, it is f^^*i°" In such cases, all content stored in thestackare 
determined whether the node is a terminal node in Step 501 ^ removed, and the tenninal nod^ search is to be 
• ' jii jvT performed after the reinsertion of the obiects of the node is 
after obtaining read-lock on node N. a • u ^ aa n ♦u * ■ i ^ ■ . u u j u 
^ finished. After all, the terminal node is to be searched by 

Based upon the result of the determination, if the node is following the previously described procedures. However, 

termmal node, the objects that satisfy query Q among all ^i^ce the terminal node can be split, once a terminal node is 

objects included in the node are inserted mto the search selected, it needs to be checked if neighbor nodes exist. If 

result group in Step 503, then read-lock on node N is 30 ^hey exist, it needs to be checked if more appropriate node 

released and the process ends. exists 

If the node is not tenninal node, all objects included in the when the most appropriate terminal node is searched for 

node are to be compared with Q. Here, each object included inserting the object "e", write-lock is obtained on the node 

in the node has MBR (Minimum Bounding Region), a and it is to be checked whether the object "c" can be inserted 

pointer pointing to the child node, and the expected logical ^5 .^^^^ ^j^^ ^^^^ ^^^^^ ^^^^^ checking whether the object 

sequence number ofthe chUd node. When each object is u^. inserted into the currently selected terminal node 

compared with query Q, MBR (Minimum Bounding ^eans the node is to be overflowed after the object "e" is 

Region) of the object is compared. When an overlap occurs inserted into the node. If the response reflects that the object 

between the object and query Q, the information regarding "e'* can be stored into the node, the object is stored. When 

the child node pointed to by the object such as the pointer of 40 ^ ^^.^^^ ^ inserted into a node, the MBR of the node 

the child node and expected logical sequence number of modified. Therefore, after the object "e^' is inserted, 

child node is inserted into the queue (InsertQ) in Step 504. jf MBR of the node is modified, the modified part is to 

Then the read-lock on node N is released and the process ^e reflected to the upper node through the MBR adjustment 

function. If overflow occurs on the node, this should be 

FIG. 6 is a flow chart iUustrating the insertion method in ^ properly treated by the following node overflow function, 

which a concurrency is controlled . pirst, it is checked whether node N is terminal node or not 

As shown in the figure, in the concurrency controlled in Step 701. If node N is terminal node, write-lock on node 

insertion method, the most proper terminal node is searched N is obtained in Step 702 and it is to be determined whether 

for the object insertion in Step 601. In Step 602, it is the logical sequence number is bigger than the expected 

determined whether the object "e" can be inserted into the logical sequence number in step 703. 

searched node. If it can be inserted, the object "e" is to be gased upon the result of the determination, if the logical 

inserted into the searched node in Step 603. The MBR sequence number is smaller than the expected logical 

(Minimum Bounding Region) is adjusted in Step 604 and sequence number, the process ends. If the logical sequence 

then the process ends. If it cannot be inserted, node overflow number is than the expected logical sequence number, the 

is processed in Step 605 and then the process ends. MBR of the rightward neighbor node of node N is to be 

FIG. 7 is a flow chart illustrating the processes to search computed. If node N is more appropriate than node N, 

a terminal node, which is expansion of FIG. 6 according to write-lock on node N is released, then node N is replaced by 

the present invention. node n in Step 704, and the process from step 702 is 

As shown in the figure, in terminal node search step, the 60 performed again, 

most proper child node is selected from the root node. The If node N is not a terminal node, the read-lock on node N 

terminal node is selected as follows. The objects included in is obtained in Step 705, and then the most appropriate 

the selected child node are examined, then child node of the candidate that is also more appropriate than the current 

examined node is selected and the objects of the selected candidate C among the objects included in node N is 

node are examined. This process is performed repeatedly. 65 selected as the destination for object "e" in Step 706. 

FIG. 7 shows a path is established from the root node to the Later, it is determined whether LSN is bigger than the 

terminal node in this repeated process. After, the object is expected LSN in Step 707. If the LSN is bigger than the 
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expected LSN, the read-lock on node N is released. The Based upon the result of the determination, if there is not 

rightward neighbor node of node N replaces node N and then any object, the information regarding TS and node N is 

the read-lock on node N is obtained in Step 708. The deleted from the time stamp table of the node P, write-lock 

procedures from step 706 in which the most appropriate on the node P is released, and the neighbor nodes of the node 

candidate that is also more appropriate than current candi- 5 P are checked. After the node P having the object relating to 

date C among the objects included in node N is selected as node N is selected, the information regarding the TS and 

the destination for object "e" are performed again. ^^^^ ^ is mserted mto the time stamp table of the node id 

T ovr • II *t. .1. t J T CM J KT * Stcp 810. Theu, the procedures where it is determined 

If the LSN IS smaller than the expected LSN, node N is , . • . * . . ■ t ■ 

.i/.i. 1 J J- whether there are other entries relating to node N in the time 

stored into the stack (the place of the node accessed is ^ . .1 r.. j , 1 • . r.i . • 

.x ■ o. TAA J Jii JKT- 1 stamp table oi the node F and the time stamp or the entry is 

stored) in Step 709, and read-lock on node N is released in 10 if r^r. ■ r. , r 1 • 

Ste 710 smaller than TS in Step 806 are to be performed again. 

T . . J , ■ J . .1 .1 . 1 T r Based upon the result of the determination, if there are 

Uter, It IS to be determined whether the current level of ^^^^^ ^^^^^ computed MBR is reflected to the node P 

the mdex tree is being reinserted and if there is a candidate ^J^^^^ ^^^^ 

more appropnate than the current candidate C among the j n • tm t. • j . • ^ u r» • *u 

■ ^- . . 1 • ^^11 1-^ node P in Step 811. It is determined whether P is the root 

objects in the reinsertion table in Step 719. ^^^^ g^^^ ^^^2 

Based upon the result of the determination if there is a ^"j, p t^e root node, write-lock on the node P is 

more appropnate one, the stack is cleared in Step 713, then ^ 3 ^^^^^ p 

tiie reinseruon completion is monitored in Step 714, and in ^j^^ ^^^^ p ^ j^^^^ ^.^ ^ ^ 

Step 715, It IS checked whether the remserUon is finished. ^ ^^^^ procedures fixim the step 801 where MBR of node 

If the reinsertion is not finished, the procedures from step jg computed are performed again. 

714 where the reinsertion completion is to be monitored are 9 ^ fl^^ ^hart iDustraUng how to handle node 

to be performed agam. If finished, the procedures from step overflow, which is the expansion of FIG. 6. 

701 are to be performed agam. » 1. • ,1. c .u j a l 

° As shown in the ngure, the node overilow process can be 

It is determined whether the current level of the mdex tree ^ jj^y^j j^j^ sub-processes. In other words, as shown in 

IS being reinserted and if there is a more appropnate can- gj^p jhe first process of node overflow is to determine 

didate among the objects m the reinsertion table m Step 719. ^ ^^^e N is the root node or the reinsertion object causes 

Based upon the result of the detennination, if there is not a overflow. If the new object insertion causes overflow, the 

more appropriate candidate, the node pointed to by the ^insertion is performed in Step 902. If node N is the root 

object C is replaced by node N, then the LSti is replaced by 30 ^ode, the separation process is perfonned in Step 903. 

the expected LSN in Step 712, and the procedures from step j„ ^ ^ ^^^^ illustrating the reinsertion process 

701 are performed agam. of FIG 9 

no. 8 is a flow chart illustrating the process to adjust ^ ^^^^^ ^^^^^^ reinsertion step of FIG. 9, 

MBR, which IS the expansion of FIG. 6. ^^^^ ^^-^^^ reinserted into node N are selected 

As shown in the figure, in the MBR adjustment process, 35 g^^p ;|^qo;|^ search process, 

the MBR of the node is computed for determining whether ^^^^^ ^ temporary node T is generated. The selected 40% 

the MBR is changed after a new object is inserted mto node ^^^^^ ^j^jg^^j f^^m node N and then are stored into the 

N in Step 801; and then in Step 802, it is to be determined nodt T in Step 1002 

whether the MBR has been modified. ^gj^ ^^^^ j ^ computed and the MBR of the 

Based upon the result of the determination, if it is not 40 ^^^^ ^ ^ deleted from the reinsertion table in Step 1003. 

changed, write-lock on node N is released and the stack is ^^.^^^^^ ^^^^ ^^^^ ^^-^^^ ^^^^ 

cleared m Step 803 and the process ends. j - ^^^^^^ -^^^ ^^e index tree using the insertion function 

If the MBR has been modified, the modified part is i„ step 1005 and then the process ends, 

reflected to the upper node by the following method. ^ ^^^^ iflustrating the node separation 

Firstly, a new time stamp TS is aUocated, and the infor- process of FIG. 9. 

mation concerning the node P that is the upper node of node ^ 3^^^^ the Figure, first step of the node separation 

N is obtained from the stack in Step 804. (The information process of FIG. 9 is the optimum separation process by the 

concerning the upper node is stored into the stack PS during separation method used for the CIR-tree in Step 1101. 

the search of the terminal node). determined whether the node is not flie terminal 

The TS and the information concerning node N are node and if the node satisfies the expanding condition for the 

inserted into the time stamp table of the node P as one entry, super node in Step 1102. If node N is not flie terminal node 

and then write-lock on node N is released in Step 805. ^nd the condition for expanding to the super node is met, the 

Later, it is determined whether there exist other entries on node is not to be split and the node is expanded to the super 

node N in the time stamp table of the node P and if the time 55 node in Step 1103. The modified content of MBR of node N 

stamp of the entry is smaller than TS in Step 806. is reflected to the upper node using the MBR adjustment 

Based upon the result of the determination, if there are function in Step 1104. (The node size is constant in the index 

other entries, the modification of MBR is not to be reflected tree. However, if splitting a node generates the ineflSciency 

to the node P until the operations on the entries are finished index tree, the node shouldn't be split and the size of the 

in Step 807. Once the operations on the entries are finLshcd, eo node is expanded in order to include all objects in the 

procedures to determine whether there is another entry on expanded node. The node with the variable size capabflity is 

node N in the time stamp table of the node P and whether the called a super node and the expanding condition for the 

time stamp of the entry is smaller than TS in Step 806 are super node is proposed in the CIR-tree). 

to be performed again. If node N is a terminal node or the condition for expand- 

If there are no other entries, write-lock on the node P is 65 ing to the super node is not satisfied, a new node is generated 

obtained in Step 808, and then it is determined whether there and then write-lock on the new node is obtained in Step 

is an object relating to node N in Step 809. 1105. 
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Next, the objects selected by the splitting method are 
deleted from node N and stored into new node in Step 1106. 
The logical sequence number of node N is allocated to the 
logical sequence number of new node and a new logical 
sequence number is generated and allocated to node N. 5 

The new node is connected to the rightward neighbor 
node of node N in Step 1107, and the MBR of new node is 
computed in Step 1108. 

It is determined whether node N is the root node in Step 
1109. [f node N is the root node, the MBR of node N is 
computed, then a new root node 'V is generated, and 
write -lock on the node is obtained in Step 1110. 

Next, information regarding node N and the new node is 
stored into the node "r". A new logical sequence number is 
allocated to the node 'V* in Step 1111, and write -lock on new 
node is released in Step 1112. 

If node N is not the root node, the modified content of 
MBR of node N is reflected to the upper node, and infor- 
mation regarding the new node is stored into the upper node 
and is reflected to the index tree in Step 1113. 

FIG. 12 is a flow chart illustrating how to insert MBR, 
which is the expansion of FIG. 11. 

The insertion step for MBR, as shown in FIG. 11, is as 
follows. A new time stamp TS is allocated and an informa- 25 
tion regarding the upper node P of node N (in the figure, it 
is represented by Nl) is obtained from the stack in Step 
1201. 

Information regarding the TS and node N and information 
regarding the TS and new node (in the figure, it is reprc- 30 
sented by N2) are inserted into the time stamp table of the 
node P as one entry. Then write-lock on node N and the new 
node is released in Step 1202. 

It is determined whether other entries on node N exist in 
the time stamp table of the node P and if the time stamp of 
any entry is smaller than TS in Step 1203. 

If other entries on node N exist in the time stamp table of 
the node P, the information regarding node N and informa- 
tion regarding the new node are not reflected until the 
processes related to the entry are completed in Step 1204. ^ 
The procedures from the step 1203 where it is determined 
whether other entries related to node N exist in the time 
stamp table of the node P, and if the time stamp of the entry 
is smaller than TS in Step 1203 are performed again. 

If other entries on node N don't exist in the time stamp 
table of the node P, the write-lock on the node P is obtained 
in Step 1205 and it is determined whether the object related 
to node N exists in the node P in Step 1206. 

If there is not such an object, the information regarding 
the TS and node N and information regarding the TS and 
new node are deleted from the lime stamp table of the node 
R Then write-lock on the node P is released. The neighbor 
nodes of node P are to be checked and node P, including the 
objects relating to node N, is selected. Information regarding 
the TS and node N and information regarding the TS and the 
new node are inserted into the time stamps table of the node 
in Step 1207. The procedures from step 1203 where it is 
determined whether other entries of node N exist in the time 
stamp table of the node P and if the time stamp of the entry 
is smaller than TS are performed again. 

If other entries of node N exist in the time stamp table of 
the node P, the modified MBR is reflected to the selected 
node P. 

Information concerning the TS and node N and informa- 65 
tion regarding the TS and the new node arc deleted from the 
time stamps table of the node P. (Since write-lock on node 
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P was already obtained, even if the entries are deleted, 
serializability still maintains). 

Next, it is determined whether information concerning the 
new node can be inserted by the same procedure in which a 
new object is inserted into the index tree in Step 1209. 

If the information concerning the new node can be 
inserted, information concerning the new node is inserted 
into the node P in Step 1211, and the modified content of 
MBR of the node P is reflected to the upper node using MBR 
adjustment function in Step 1212, 

If the information concerning the new node cannot be 
inserted, the node overflow process treats overflow on node 
P by the in Step 1210. 

The process for deleting objects from the node is imple- 
mented by employing previously-described functions. The 
terminal node having an object to be deleted is searched by 
the terminal node search process and the object is deleted 
from the terminal node. The modified content of the node is 
reflected to the upper node. If the MBR of the node is 
modified, the modified content is reflected to the upper node 
using MBR adjustment function. If the number of objects 
stored in the node is smaller than the minimum required 
number of the nodes, all objects included in the current node 
are reinserted, and the current node is deleted. 

In order to overcome the problems of the R^^^-tree, the 
concurrency control method for a high dimensional index 
structure with a time stamp according to the present inven- 
tion makes it possible to control the concurrency without 
performing a lock-coupling. In addition, it provides a 
method that performs a highly accurate search operation for 
objects deleted for reinsertion. This feature enables an 
insertion during node splitting operation in high dimensional 
index structure. 

Although preferred embodiments of the present invention 
have been disclosed for fllustrative purposes, those sldlled in 
art wiU appreciate that various modifications, additions and 
substitutions are possible, without departing from the scope 
and spirit of the invention as recited in the accompanying 
claims. 

What is claimed is: 

1. In a concurrency control method for a high dimensional 
index structure applied to a database, an insertion method in 
which a concurrency is controlled, comprismg the steps of: 
a first step for searching a terminal node for inserting an 
object and determining whether it is possible to insert 
an object into a searched insertion node, comprising the 
further steps of: 

a fourth step of determining whether the node is a 
terminal node; 

a fifth step of obtaining a write-lock on the node when 
the node is a terminal node in said fourth step and 
then determining whether a LSN is bigger than an 
expected LSN; 

a sixth step of computing MBR of a neighbor node of 
the searched terminal node when the LSN is bigger 
than the expected LSN in said fifth step and releasing 
write-lock on the searched terminal node; 

a seventh step of performing repeatedly from said fifth 
step after replacing the neighbor node as an insertion 
node; and 

an eighth step of searching the terminal node in the 
lower level nodes when Uie node is not the terminal 
node in said fourth step; 

a second step for inserting the object into the insertion 
node if it is possible to insert an object in said first 
step and adjusting a minimum bounding region 
(MBR); and 
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a third step for processing node overflow of the inser- 
tion node if it is not possible to insert an object in 
said first step. 

2. The insertion method of claim 1, wherein said eighth 
step for searching the terminal node comprises: 

a ninth step for obtaining a read-lock on the insertion node 

and selecting an insertion candidate among the objects 

contained in the node; 
a tenth step for determining whether the LSN of the 

selected insertion candidate is bigger than the expected 

LSN; 

an eleventh step for releasing read-lock on the insertion 
node if the LSN of the selected insertion candidate is 
bigger than the expected LSN in said tenth step; 

a twelfth step for having the rightward neighbor node as 
an insertion node and performing repeatedly from the 
step in which an insertion candidate is selected among 
the objects included in the node of said ninth step; 

a thirteenth step for storing an information regarding the 
insertion node into the stack if the LSN of the selected 
insertion candidate is not bigger than the expected LSN 
in said tenth step and releasing a read-lock on the 
insertion node; 

a fourteenth step for determining whether there is a more 
appropriate object than the insertion candidate among 
the -objects in the reinsertion table; 

a fifteenth step for checking whether the reinsertion is 
finished after clearing a stack if there is a more appro- 
priate object in said fourteenth step and performing 
repeatedly from the ninth step if the reinsertion is 
finished; and 

a sixteenth step for replacing an insertion node with the 
insertion candidate node if there is a more appropriate 
object in said fourteenth step and replacing the 
expected LSN with the LSN. 

3. The insertion method of claim 2, wherein said second 
step for adjusting MBR comprises: 

a seventeenth step for computing the MBR after inserting 
a new object into the insertion node and determining 
whether the MBR is modified; 

an eighteenth step for releasing write-lock on the insertion 
node if the MBR is modified in said seventeenth step 
and clearing the stack; 

a nineteenth step for forming a new time stamp if the 
MBR is not modified in said seventeenth step and 
obtaining the upper node from the stack; 

a twentieth step for adding a new time stamp information 
and a node information to the time stamp table of the 
upper node and releasing write-lock on the insertion 
node; 

a twenty-first step for determining whether there is an 
entry whose time stamp is smaller than a new time 
stamp as there is another entry relating to the insertion 
node in the time stamp table of the upper node; 

a twenty-second step for waiting until the process is 
finished if there is an entry whose time stamp is smaller 
than a new time stamp in said twenty first step and 
performing repeatedly from said twenty first step; 

a twenty-third step for obtaining write-lock on the upper 
node if there is not an entry whose time stamp is 
smaller than a new time stamp in said twenty first step 
and determining whether there exists an object corre- 
sponding to the insertion node in the upper node; 

a twenty- fourth step for providing the computed MBR to 
the upper node if there exists an object corresponding 
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to the insertion node in the upper node in said twenty 
third step and deleting a new time stamp and a node 
information from the time stamp table from the upper 
node; 

5 a twenly-fifth step for releasing the write-lock on the 
upper node if the upper node is the root node and 
repeatedly performing from the seventeenth step 
repeatedly after replacing an insertion node with the 
upper node if the node is not the root node; 

a twenty-sixth step for deleting a new time stamp and a 
node information from the upper node if there exists an 
object corresponding to the insertion node in the upper 
node in said twenty- third step and releasing the write- 
lock on the upper node; and 

a twenty-seventh step for replacing the upper node with 
the neighbor node of the upper node, adding a new time 
stamp and a node information to the upper node, and 
performing repeatedly from said twenty-first step. 

4. The insertion method of claim 3, wherein said third step 
for processing node overflow comprises: 

a twenty-eighth step for determining whether the insertion 
node is a root node, performing node splitting if the 
insertion node is the root node, and determining 
whether it is an overflow due to the object reinserted if 
the node is not the root node; and 

a twenty-ninth step for performing the node splitting if it 
is an overflow due to the object reinserted in said 
twenty-eighth step and performing a reinsertion if it is 
30 not an overflow due to the object reinserted in said 
twenty-eighth step. 

5. The search method of claim 4, wherein said twenty- 
eighth step for the node splitting operation comprises: 

a thirtieth step for obtaining an optimum splitting and 
35 determining whether the node satisfies an expanding 
condition to a super node and the node is a terminal 
node; 

a thirty-first step for expanding the insertion node to a 

super node if the node satisfies the expanding condition 
40 to a super node and the node is a terminal node in said 

thirtieth step and adjusting the MBR; 
a thirty-second step for generating new node if the node 

doesn't satisfy the expanding condition to a super node 

and the node is a terminal node in said thirtieth step and 
45 obtaining write-lock on the new node; 

a thirty-third step for deleting the object selected by the 

splitting from the node and storing into the new node; 
a thirty-fourth step for allocating a new LSN to the 

original node, allocating an expected LSN of the node 

to the new node and connecting the original node and 

the new node through a rightlink; 
a thirty-fifth step for computing MBR of new node and 

determining whether the original node is the root node; 
55 a thirty-sixth step for computing MBR of the original 

node if the original node is the root node in said 

thirty-fifth step; 
a thirty-seventh step for generating a new root node and 

obtaining write-lock on the new root node; 
60 a thirty-eighth step for storing information concerning the 

original node and the new node into the new root node, 

allocating the new LSN as an expected LSN of the root 

node and releasing write-lock; and 
a thirty-ninth step for inserting the MBR if the original 
65 node is the root node in the thirty-fifth step. 

6. The insertion method of claim 5, wherein said twenty- 
ninth step for reinsertion comprises; 
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a fortieth step for selecting an object to be reinserted from 

a node in which an overflow occurs; 
a forty-first step for generating a temporary node, deleting 

the selected object from the node in which the overflow 

occurs and storing the deleted object into a temporary ^ 

node; 

a forty-second step for computing the MBR of the tem- 
porary node and inserting the temporary node informa- 
tion and the computed MBR into the reinsertion table; 
and '° 

a forty-third step for adjusting the MBR and inserting the 
object of the temporary node into the index tree. 

7. The insertion method of claim 6, wherein said thirty 
ninth step for MBR insertion comprises: 

a forty-fourth step for obtaining the information regarding 
an upper node of the original node from the stack after 
getting a new time stamp; 

a forty-fifth step for storing a node information and time 
stamp of the original node and a node information and 20 
time stamp of a new node into the time stamp table of 
the upper node; 

a forty-sixth step for determining whether another entry of 
the original node exists in the time stamp table of the 
upper node and the time stamp of the entry is smaller 25 
than the new time stamp after releasing write-lock on 
the original node and new node; 

a forty-seventh step for waiting until the process is 
finished if another entry of the original node exists in 
the time stamp table of the upper node in the forty-sixth '^^ 
step and performing repeatedly from the forty-sixth 
step; 

a forty-eighth step for obtaining write-lock on the upper 
node if ano flier entry of the original node does not exist 
in the time stamp table of the upper node in the 
forty-sixth step and determining whether there is an 
object corresponding to the original node in the upper 
node; 

a forty-ninth step for deleting the original node informa- 40 
tion and a time stamp and a node information and time 
stamp of the new node if there is not an object corre- 
sponding to the original node in the upper node in the 
forty-eighth step and releasing a write-lock on the 
upper node; 
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a fiftieth step for checking the neighbor nodes of the upper 
node, selecting the upper node including the objects 
corresponding to the original node, inserting the node 
information and time stamp of the original node and a 
node information and time stamp of new node into the 
time stamp table of the selected node, and performing 
repeatedly from the forty-sixth step; 

a fifty-first step for reflecting the MBR of the original 
node to the upper node if there is an object correspond- 
ing to the original node in the upper node in the 
forty -eighth step and deleting the node information and 
time stamp of the original node and a node information 
and time stamp of the new node from the upper node; 

a fifty-second step for determining whether it is possible 
to insert the MBR of the new node into the upper node; 

a fifty-third step for inserting a node information of the 
new node relating to the upper node if it is possible to 
insert the MBR of the new node into the upper node in 
the fifty second step and adjusting the MBR; and 

a fifty-fourth step for processing node overflow if it is not 
possible to insert the MBR of new node into the upper 
node in the fifty-second step. 

8. In a concurrency control method for a high dimensional 
index structure applied to a database, a concurrency- 
controlled deletion method comprising the steps of: 

a first step for searching a terminal node having an object 
to be deleted; 

a second step for deleting an object from the terminal 
node and reflecting the modified content of the node to 
the upper node; 

a third step for determining whether the number of objects 
stored in the terminal node is smaller than the minimum 
required number of objects after deleting an object 
from the terminal node of said second step; and 

a fourth step for deleting all objects included in the 
terminal node having objects to be deleted if the 
number of the objects stored in the node is smaller than 
the minimum required number in said third step, per- 
forming the reinsertion and deleting the terminal node 
having the objects to be deleted. 

>|t If ii> >K >»< 
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